Background Controversy exists regarding the outcome of THA after prior pelvic osteotomy.
Introduction
Developmental dysplasia of the hip (DDH) provides a considerable challenge for THA owing to anterolateral acetabular bone deficiency, proximal femoral malrotation, the presence of soft tissue contractures, and shortened lower extremity [10, 22] . THA for DDH is associated with increased complication rates [4, 8] owing to the presence of infection [7, 10, 20] , dislocation [5, 8, 9] , and nerve palsy [14, 26] , resulting in worse outcomes compared with THA for primary osteoarthritis [4, 8] .
Pelvic osteotomy (PO) in DDH should delay the requirement for THA and allow subsequent hip reconstruction with acceptably low complication rates and longterm survival [6, 17] . Salter [24] described a redirectional osteotomy of the acetabulum on the head of the femur, which, in effect, is achieved by varization, retroversion, and, if possible, medialization, to help improve the anterolateral deficiency and stabilize the hip mechanically to improve overall function. Chiari [2, 3] described a medial displacement osteotomy for increased coverage of the dysplastic hip. Excellent results were reported after these osteotomies, and they may delay the progression of secondary osteoarthritis until THA for salvage is required [1, 15, 17] . Although the number of Chiari osteotomies has decreased in recent years, a relatively large number of patients with previous PO, such as the Salter, are still encountered.
Despite the evidence that these POs may delay the progression of secondary osteoarthritis, the resulting altered anatomy of the pelvis and proximal femur may result in a THA that is more technically difficult [25] . Controversy remains on this point as some investigators have shown the possibility of triple innominate osteotomy (TIO) worsening the outcome of THA, whereas others reported a previous osteotomy does not compromise the results of THA if it is properly performed [12, 21, 23] .
There exist relatively few published studies quantitatively investigating the outcomes of THA after PO [12, 18, 21, 23] . Prior studies generally have small study populations with limited periods of followup. Only one study examined a moderately large number of THA outcomes after PO using the Chiari technique [12] , whereas no study exists assessing the outcome of THA after a previous Salter osteotomy. Moreover, the longest average followup time to date in the literature for THA after any osteotomy technique was 6.9 years. This paucity of information leaves the surgeon with little evidence-based guidance in optimizing patient care.
We, therefore, aimed to quantitatively assess perioperative complication rate, acetabular and femoral component revision rate, Harris hip score (HHS), and survivorship to compare the outcome of patients presenting with DDH treated surgically using THA with and without prior PO. This is the largest study to date with the longest followup time examining the effect on THA of prior PO.
Patients and Methods
This investigation was a retrospective chart and radiographic review of patients with a diagnosis of DDH comparing those with prior Salter or Chiari PO with those who did not have this procedure performed previously. The authors obtained institutional ethics board approval for the study.
From 1987 to 2002, the senior author (JPW) performed 182 primary THAs in 143 patients with osteoarthritis secondary to DDH. Patients were included who had a minimum 3-year followup after uncemented THA using a posterolateral approach. Sixty-eight hips were excluded for the following reasons. Fourteen were lost to followup owing to patient death, geographic move, or nonreturn to clinic for examination. Twenty hips were excluded because they had undergone ipsilateral knee arthroplasty. Twentysix hips were excluded because they had undergone ipsilateral femoral osteotomy. Eight hips were excluded because the technique of the PO was not identified. To eliminate some of the variables in the study group, 11 hips additionally were excluded: four had cemented arthroplasties, six had very severe dysplasia graded as Crowe III or IV, and in one hip surgery was performed through an anterior surgical approach. Finally, the total number of exclusions was 79 hips (56 patients), leaving 103 hips (87 patients) eligible for the study.
All hips were divided into two groups ( Table 1) : those that had prior PO before THA (PO group) and those that did not (control group). Fifty-two hips (45 patients) had a previous PO, including Salter osteotomy (40 hips), Chiari osteotomy (nine hips), and Salter and Chiari osteotomy (three hips). Fifty-one hips (42 patients) comprised the control group. In the control group, only two patients had prior surgery of any kind on the affected hip; namely, one patient had adductor tenotomy and soft tissue release for early-onset arthritis and one patient had closed reduction of the hip as a child with subsequent development of avascular necrosis of the femoral head. The average age of patients at the time of THA was younger (p = 0.0006) in the PO group (41 years; range, (p = 0.926) or the distribution of Crowe I and II classifications [4] (p = 0.704). In the PO group, the mean interval from previous osteotomy to primary THA was 19.3 years (range, 1-40 years). Patients were placed in the lateral decubitus position and the affected extremity prepared with Betadine 1 (Purdue Products L.P., Stamford, CT, USA) and draped free. All patients, with the exception of one, had a posterolateral approach with standard exposure, including transsection of the piriformis tendon and release of the proximal portion of the gluteus maximus tendon. After capsulotomy, a Steinmann pin was inserted above the hip into the lateral wall of the pelvis, a mark made on the greater trochanter, and the interval measured for later reference for leg length. A right angle osteotomy of the femoral neck was performed to accommodate the femoral component. The acetabulum thereby was exposed and the labrum excised. A Capener gouge was used to remove the subchondral bone and the center of the acetabulum, and then conical reamers of increasing diameters were used to shape the acetabulum to receive the truncated cone-shaped acetabular component. When there was uniform contact between the reamer and the acetabular bone, a cup of that size was selected. In the early part of the series, a screw ring acetabular component was used with standard polyethylene; later in the series, a macrotextured beaded cup was impacted into position and matched to a polyethylene liner with a 10°shelf. On the femoral side, a reamed broached system was used with sequential reaming until uniform cortical content was achieved. A broach matching the size of that reamer then was used to prepare the cancellous bone of the proximal femur to receive the femoral component, which had proximal fins to control rotation. The hip could be trialed from the broach to determine leg length and stability. Acetabular components less than 50 mm in diameter had polyethylene liners of 22mm inside diameter only; acetabular components greater than 50 mm in diameter could receive either a 22-mm or 28mm outside diameter polyethylene component.
Six types of cementless prostheses were used, but the distribution of the different types of acetabular and femoral components was virtually identical between the groups ( Table 2) . For the PO group, the THA femoral head sizes used were either 22 mm in diameter (23 hips) or 28 mm in diameter (29 hips). Similarly, for the control group, the femoral heads were either 22 mm in diameter (24 hips) or 28 mm in diameter (27 hips) . No titanium heads were used.
Crowe classification of hip dysplasia was determined from radiographs [4] . Intraoperative or postoperative complications were recorded, namely, fracture, hip dislocation, infection, deep venous thrombosis, and nerve damage. Revision rates were calculated for each group. Time until revision THA and cause of revision were recorded. Clinical measurements for computing HHS [11, 27] were obtained 6 weeks preoperatively, 1 year postoperatively, and at the latest followup. Pain and functional scores were extracted for analysis ( Table 3 ). For survivorship analysis, failure of the component was defined as No titanium heads were used in PO or control groups; PO = pelvic osteotomy. revision of the component for any reason or placement on a waiting list for revision. Two research fellows (KT, NA) who were not involved in the surgery conducted independent observations of different radiographs and extracted data from patient charts. The Mann-Whitney U test was performed to evaluate differences between PO and control groups for complication rates and revision rates. HHS statistical comparisons were performed using one-way ANOVA. For complication rates, revision rates, and HHS values, differences within groups were analyzed using paired t tests as appropriate. Survivorship analysis was performed using the Kaplan-Meier [13] method combined with the log-rank test in which revision for any reason was the end point for each group. For all statistical tests above, a p value less than 0.05 was taken as significant.
A post hoc power analysis was performed to determine if there were enough patients in the PO and control groups to be able to detect all statistical differences that actually exist between them, ie, to avoid Type II error. For this power analysis, a two-sided Z test with pooled variance was used, and the revision rate was chosen as the parameter of comparison. This power analysis yielded a value of 19.4% for the study with the revision rate chosen as the parameter of comparison between the PO and control groups. Usually, a good study design is considered to be one in which there is an adequate number of patients per group yielding a power of at least 80%. In the current investigation, however, 340 patients per group would have been required to achieve 80% power, which was not feasible given the scope of the investigation.
Results
There was no difference (p = 0.795) in overall complication rate for the PO (13.5%) and control (11.8%) groups ( Table 3 ). The numbers of intraoperative fractures were similar (p = 0.298) between the control group (three hips; one acetabular fracture, two undisplaced calcar fractures) and the PO group (one hip; femoral fracture distal to lesser trochanter). The dislocation rate also was similar (p = 0.414) (PO group: four hips [Salter, three; Chiari, one]; control group: two hips). Early revision was required for acetabulum component malposition in one hip (control group) within a few months. Late revision was required for recurrent dislocations in two hips in the PO group. Two patients in the PO group had infections. One patient had a deep infection and underwent revision of both components at 5 years, whereas the other had a superficial infection. One patient in the PO group had severe axonal injury to the left sciatic nerve with no stretch component to the injury after THA, manifesting as profound foot drop on awakening from surgery and at subsequent followups. However, the patient recovered fully, with no residual functional deficit noted at the 7-year followup.
There was no difference in acetabular revision rates between the groups. Twenty-five hips had revision arthroplasties. At the time this study was completed, no patients were waiting for a revision owing to aseptic loosening. The PO group had 15 total revisions (acetabular, 13; acetabular and femoral, two), whereas the control group had 10 revisions (acetabular, nine; acetabular and femoral, one) (p = 0.274) ( Table 3 ). The PO group had 12 acetabular components (Salter, nine; Chiari, three) revised for aseptic loosening or wear, two hips (Salter) for dislocation, and one hip (Salter) for infection. In the control group, seven hips were revised for definite loosening, two hips for excessive polyethylene wear, and one hip for dislocation. The femoral revision rates were the same. The PO group had one femoral stem revised for aseptic loosening (1.9%) and one femoral stem for infection (1.9%), whereas the control group had one hip (2%) revised for aseptic loosening. In all three cases of femoral revision, the corresponding acetabular components also needed to be revised for the same reason.
One year after THA and at last followup, the total HHS, pain, and function scores in the PO and control groups improved (p \ 0.05) compared with scores before THA (Table 4 ). However, there was no difference (0.438 \ p \ 0.998) in clinical results between PO and control groups before THA, after THA, or at the last followup (Table 4 ).
Survivorship analysis using Kaplan-Meier curves revealed no difference between the PO and control groups (Fig. 1) . The 8-year overall THA survival rate against revision of either the acetabular and/or femoral components for any reason was 83.3% ± 5.9% (95% confidence interval) for the PO group and 88.4% ± 5.5% (95% confidence interval) for the control group (p = 0.091). More specifically, the 8-year survival rate of the acetabular cup for revision for any reason was 85.3% ± 5.7% (95% confidence interval) for the PO group and 88.4% ± 5.5% (95% confidence interval) for the control group (p = 0.143). The 8-year survival rate of the femoral stem for revision for any reason was 94.8% ± 3.6% (95% confidence interval) for the PO group and 100% ± 0% (95% confidence interval) for the control group (p = 0.249).
Discussion
We evaluated the effect of previous PO on the outcome of THA performed for degenerative arthritis secondary to DDH compared with THA without prior PO. A history of having a prior Salter or Chiari osteotomy resulted in similar outcomes, including complication rate, revision rate, HHS, or survivorship compared with outcomes for a population of patients undergoing THA without prior surgery. Several limitations should be noted. First, patient data were obtained from the clinical practice of only one surgeon. Thus, the generalizability of the findings may be hindered, future work requiring additional data from multiple centers. Even so, this is the largest series to date reported in the literature regarding THA after Salter and Chiari osteotomy. Second, because Chiari osteotomy can change the biomechanical features of the hip and alter the success of later THA [18] , followup times of more than 10 years may be required to fully determine its clinical success [16, 19, 28] . Moreover, the retrospective nature of the study for the period of 1987 to 2002 limited our average followup to 8 years, although this is the longest to date in the literature. Third, there was a good deal of heterogeneity in the final cohort with regard to the degree of DDH and the variety of prostheses used. These factors are beyond the surgeon's control but are dependent on patients' conditions and needs. Fourth, the HHS system as a clinical outcome measure does not consider how the score is affected by individual patient differences, such as age, health, or personal issues. Even so, the validity of the HHS system has been assessed systematically against other outcome scores with good results [27] . Fifth, the failure rate was high in both groups but higher in the group that had a previous PO for several reasons. The mean age of these patients was younger, as they were almost uniformly young active patients. Also, we used first-generation cementless acetabular implants. Some of these were screw ring implants with an average survival of approximately 10 years before revision, whereas the remainder were a macrotextured conical-shaped implant usually placed without screws. In both types of implants, bone ingrowth proved to be uncertain, probably leading to the high failure rate. The same macrotexture was on the femoral components, and these proved to be exceptionally durable with greater than 98% survival rate at 10 to 15 years, but the same unfortunately was not true for the acetabular component. Moreover, approximately 50% of the patients received 22-mm cobalt-chrome heads. Thus, the small diameter head coupled with a small diameter cup and relatively thin polyethylene, while producing substantial linear wear, also might have contributed to the high failure rate of the acetabular components. Sixth, the correlation was not examined between patient activity level during employment, exercise, or hobbies and arthroplasty failure rates. This would have required the use of a separate validated questionnaire to measure the intensity, frequency, duration, and nature of patient employment, exercise, and/or hobbies. This was beyond the scope of our study. Even so, the HHS function score, as presented currently, is an implicit indicator of before and after THA activity level. Seventh, the post hoc power analysis yielded a value of 19.4%, indicating our study was unable to detect all the statistical differences actually present. However, the required 340 patients per group to achieve an 80% power were not feasible given the scope and nature of our review. Even so, our study offers the largest patient series regarding THA after Salter and Chiari osteotomy. Finally, intraobserver and interobserver reliability were not assessed regarding the outcome measures obtained independently by two of the authors (KT, NA) from radiographs. Any substantial disagreements, however, were adjudicated by the Fellows through mutual consultation, and a final value for the particular radiographic parameter was determined.
Total complications in our study showed no difference between the PO (13.5%) and control (11.5%) groups. An earlier investigation showed lower perioperative complications, with one of 28 hips (3.5%) having THA after previous Chiari osteotomy compared with five of 50 hips (10%) in a matched control group [12] . This may be partly attributable to our longer average followup (8 years) compared with the earlier study (5 years), which may have allowed complications time to develop and be detected.
Our revision data showed 25 total revision surgeries. However, there was no difference in isolated acetabular (PO, 25.0%; control, 17.6%), isolated femoral (PO, 0%; control, 0%), or combined acetabular plus femoral (PO, 3.8%; control, 1.9%) revisions. Hashemi-Nejad et al. reported revision of acetabular components in one of 28 hips (3.6%) having THA after previous Chiari osteotomy compared with six of 50 hips (12%) in a diagnosis-matched control group [12] . Other investigations using TIO and Ganz osteotomies, respectively, showed one (7.7%) post-THA revision of 13 hips attributable to dislocation and two (4.9%) postTHA revisions in 41 patients attributable to aseptic acetabular (one hip) and femoral (one hip) loosening [21, 23] .
Total, pain, and function outcomes (HHS) showed prior PO in patients did not compromise THA success when compared with patients without prior PO at 1-year or latest followup. Patients at both followup times showed improvement in total, pain, and function (HHS) scores compared with before THA. This improvement of total HHS for PO (before THA, 51; last followup, 85) and control (before THA, 49; last followup, 87) groups was similar to improvement reported in a previous series on 47 hips requiring autogenous grafting for severe acetabular deficiency, which showed a total HHS of 46 before THA and 74 after THA [9] . Similarly, a study of 13 hips having THA after TIO showed increased total HHS after TIO (before THA, 40; after THA, 76) and nonosteotomized controls (before THA, 28; after THA, 88), although after THA, control subjects did better in the total and pain HHS components [23] . Thus, patient quality of life after THA can be improved to some degree regardless of whether they have a prior osteotomy.
Overall survival rates of THA in our study were satisfactory at a mean followup of nearly 8 years (83.3% [PO] compared with 88.4% [control]). Our results for individual acetabular and femoral component survival rates for the PO and control groups (range, 85.3%-100%) are comparable to those of a previous study, showing similar values for the femoral (after Chiari, 97%; control, 96%) and acetabular (after Chiari, 89%; control, 84%) components with an average followup of 5 years [12] .
We reported the outcome of uncemented THA with and without prior PO, having the longest followup and the largest study size published to date. This is also the first series reporting on THA outcome after Salter osteotomy. Patients undergoing THA who have had prior Chiari and Salter PO had no differences in complication rate, revision rate, HHS, or survivorship compared with patients without prior PO. We speculate some patients with prior PO may show improved results after THA, as positioning the acetabular component in a more hemispheric socket (achieved after osteotomy) may be easier than a grossly shallow socket. This, however, would need to be observed conclusively in a future investigation.
